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IntroductionFigure 1; Issigonis’ initial design.

[image: ]
The Mini, designed by Alec Issigonis (fig. 1 – BMW Classic Group, 2022), was marketed as a compact car with reduced emissions due to the 1956 Suez fuel Crisis involving the UK and Egypt. The Mini’s potential was quickly realised by the motorsport industry after its release in 1959 and became one of the most recognisable cars still found on circuits to date. 

Mini achieved great popularity with celebrities. With A-listers like Steve McQueen (fig. 2 – Schomp Mini, 2016) and The Beatles, the mini was considered a fashion icon and is still stylish in today’s market of classics.

[image: ]
There are still 8000 on UK roads at present. The Mini has gained a huge market of aftermarket parts and developments ranging from cosmetic to purpose-built track enhancements within an attainable price range; including ‘bolt-ons’ such as aluminium radiators for engine heat efficiency. 
Given its vast following, hybrid and fully-electric attempts of repurposing/reintroduction into the present market have also been explored on various levels with BMW Mini now offering a full conversion for an accessible cost.Figure 2, Steve McQueen’s Mini.


[bookmark: _Toc101810535]Chapter 2 - Impact of topics

[bookmark: _Toc101810536]2:1 – Vehicle Dynamics

[image: ]The development of Minis was driven by the 1956 Suez Crisis and oil rationing. The industry called for a fuel-efficient car and with Alec Issigonis’ transverse engine layout powering a front-wheel-drive system, a compact shell design with accommodating leg room created by the saved engine/transmission space could also be used in conjunction. We still see examples of the revolutionary design in the modern automotive market; such as the Smart ForTwo (fig. 3 - Bovingdon J, 2007). The ForTwo uses the same design method of a transverse engine with direct-input driveshafts; allowing space due to its compact packaging.
Figure 3, Smart ForTwo.


The A-series started as a 34horse-power unit but by end of production had been developed to 63bhp using a “twin-point injection unit developed in 1997” (Adams, K. 2017) by an engineer with Rover. Performance developments were made by individuals such as Paddy Hopkirk and John Cooper, but the Mini’s ability comes from its dynamics. 
[image: ]The Mini’s rubber cone suspension layout (fig. 4 - Jackson C, 2020) gave the car remarkable handling through a variable spring rate; the more the rubber cone is compressed the stiffer the suspension ride gets; which on fast British B-roads and poorly maintained track surfaces was desirable to drivers. This partnered with the Unibody design of the Mini’s shell sat on two subframes meant minimal flex whilst still being incredibly lightweight. The rear suspension is packaged within the subframe on a cantilever swing arm using push-rods, like that of current Formula 1 front suspension layouts, where the suspension is left predominantly un-sprung, allowing level cornering and adaptive handling with maximum suspension travel when required. 

Improvements in today’s market have been made with the adaptation of the mini’s suspension trumpets. ‘Hi-Lo’ threads were added to enable the adjustment of ride height, and in turn reducing roll-centre and the already- low centre of gravity; allowing greatest roll stiffness without increasing spring rates or fit anti-roll bars. This gives enthusiasts performance tuning for a fraction of the cost and time.

Figure 4, A Mini’s suspension layout.




[bookmark: _Toc101810538]2:2 – Materials 

The body and frame were manufactured steel spot-welded in place and housed an iron engine block for strength, low specific heat (fewer joules to dissipate temperature), and cost effectiveness. With a 600kg kerb weight aided an economical car that changed modern production techniques for cost effectiveness.

The A-Series engine remained the powertrain of the Mini throughout its 38-year production. Despite powering the Austin A30 (1951-1956) with minimal changes between the A (1959) and A+ (1983) variation; such as distributor placement, block thickness/ribbing, timing chain tensioner. This also enabled cost-saving with the engines and production systems BMC already had in place and established. The engine features a shared gearbox/oil sump layout, where the layshafts and crankshaft both spin in contact with the oil, transporting it around the internals of the push-rod engine. With this design the mini uses engine oil with a gearbox lubrication additive and in turn reduced the amount of fluids used, significantly reducing the amount of oil spent by owners and garages. However, this could also be viewed as a negative in regard to engine wear and damage. With early gearbox designs and limited synchromesh technology, any gear ground during use would promote metal flakes/break-off to possibly enter the engine in different areas due to limited filter technology; causing pre-mature wear.
[image: ]Minis are Monocoque design using steel subframes to house suspension components, engine mounts, and steering system. This makes the Figure 5, A Mini’s interior option; ‘Jet Black’

structure of the car simple, also featuring basic interior (fig. 5 – Skwarczek M, 2021) using cheap fabrics and wood-fibres such as MDF. 

The materials used in the construction of a Mini are now outdated when compared to modern options. Rover made improvements to the Mini through fuel injection, further reducing emissions but increasing horsepower.








[bookmark: _Toc101810539]2:3 – Manufacturing Techniques
[bookmark: _Toc101810540][image: ]
Mini’s were built on a production line system (fig. 6 – Petrolicious, 2014) with multiple variations sharing the same components, using cheap materials in order to produce an affordable car with the ongoing Suez Crisis involving Egypt and the UK.
[image: ]To avoid compromise on luggage space with the reduced size layout, Issigonis gave the mini a fold-down tailgate in which owners could use as a parcel or luggage shelf with access to a hinged number plate for legality. The boot housed the fuel tank on the left and battery tray on the right, recessed into the boot floor, in order to not hinder space-saving. Panels were spot welded with cheap sealant for shut-lines and panel-gaps. The naked shell is painted as a complete finished unit with the pre-built subframes, already housing the engine, steering and suspension systems, and fitted and from underneath. Figure 6, A production line of Minis.


With the ‘block-on-box’ layout alongside the side-mounted radiator and fan, the engine (fig. 7 – Ruff M, 2020) took up size in height as opposed to length; leaving the engine bay with space for easy maintenance following a nationwide ‘do-it-yourself’ attitude towards vehicles as a further money-saving attempt.

Figure 7, Mini’s complete Gearbox/Engine

[bookmark: _Toc101810541]2:4 – Aerodynamics
[image: ]
[image: ]Minis are not aerodynamic vehicles, however their use in motorsport has driven companies to explore aerodynamic options within budget limits and series regulations. In 2009 a carbon-fibre based automotive company called ‘Carbon-Weezel’ engineered and developed aerodynamic bodywork enhancements for a hill-climb Mini (fig. 8 – Worsell N, 2009). Using the MIRA wind-tunnel they were able to collect specific data enabling the fine-tuning of their components. An example of this is the testing of their front splitter design (fig. 9 – Worsell N, 2009) at three lengths of 150mm, 90mm, and 30mm. Figure 8, Carbon-Weezel’s test Mini.


Their results indicated success throughout all lengths but found “the longer the splitter the greater the downforce”. In addition the floor of the engine compartment was smoothed as far back as the floor pan, enabling ground-effect on the front end of the car with grip “increased by up to 8% at 60mph”. Figure 9, Smoke-testing the front splitter.



[image: ]

Diffusers were explored as an additional attempt to create ground-effect underneath the car. Despite the “rear-biased lift reduction with no drag penalty” (Worsell, N. 2009) found at 10 degrees the engineers found minimal smoke (fig. 10 – Worsell N, 2009) exiting through the diffuser due to “undulations in the Mini’s floor”. It was noted in the experiment that “integrating it smoothly with a flat floor […] would produce much greater benefit” (Worsell, N. 2009).

Figure 10, Poor diffuser results from smoke test.

Due to technical regulations, the use of rear spoilers on modified vehicles was limited to “half the height of the rear window” (Worsell, N. 2009), putting it at a disadvantage due to its steep rear end. This proved the spoiler “mainly redundant”, acting as Canards (small wing plates creating directional airflow) at the protruding edges of the wing. It was noted that further development was needed but the use of Canards “would produce greater lift reduction to the rear” (Worsell, N. 2009).



[bookmark: _Toc101810542]2:5 – Emissions

Initially a carburetted engine, the mini received multi-point fuel injection from Rover in 1997 to meet stricter euro emission regulations within the UK. However, even whilst carburetted the A+ Series engines are still very economical when compared with other popular cars of a similar age on the road present day. With emissions standard first implemented by government in 1960, “initially confined to vehicles that were ten years old or more […] reduced to three years [old] by 1967” (Premier MOT, Training. 2016) Mini’s had no initial requirement to fit regulations other than that of the ongoing fuel and oil crisis of its time. Even then, vehicles were only marked on “braking, steering, and lighting equipment” (Premier MOT, Training. 2016) until 1991 where petrol engine exhaust emissions were a compulsory pass criterion. Today’s standard requires a vehicle powered by petrol engine to “produce CO of no more thank 1.0g/km, total hydrocarbon emissions of no more than 0.10g/km and NOx emissions of 0.08g/km” (Campbell, R. 2022), although not applicable to a car of age older than 40 years.

Mini’s came with multiple engine options following 850cc, 998cc, 1275cc, with performance tuned engines having engine bores up to 1380cc.


[bookmark: _Toc101810543]2:6 – Hybrid Vehicles

[image: Owners will be able to charge their electrified Minis by plugging into a port under the original filler cap (pictured here without the flap cover in place), with the battery capable of accepting charging speeds of up to 6.6kW]In January of 2022 BMW Mini launched its electric conversion project ‘Recharged’. A 121bhp battery and motor are fitted in place of the A and A+ Series engine and transmission with a range of 99 miles. Figure 11. The Mini’s charge point.


Engineers plan on a small re-introduction of an even more economical solution than initially planned in 1959.
 The Mini will still produce “0-62mph in around 9 seconds” (Ashraf, Y. 2022) and “can be charged at speeds of 6.6kW” (Ashraf, Y. 2022). 

Ideal for busy-city parking including low-emission/congestion zone fee avoidance; and is zero-emission. After a test drive the Mini was said to have lost “some of the go-kart nimbleness of the petrol version” (Massey, R. 2022) but was praised in speed. Despite any changes, it’s kept in character with original styling, such as that of the new charge point in the Mini’s original location (fig. 11 – Massey R, 2022). BMW-MINI could be the pioneers of a completely recycled zero-emission classic fashionable within present-day culture, desirably iconic in style, and eco-friendly in modern transportation use.





[bookmark: _Toc101810544]2:7 – CAD/Virtual Testing 

[image: ]Despite being available during the 1960s, Computer-Aided Design and early CNC was expensive and used mainly by bigger companies in research such as General Motors. Because of this today’s modern market has new exploration of CAD opportunities in modern advancements and enhancements. In example, component machining can be initially explored without cost implications of testing the physical component. With pre-constructed models available (fig. 12 – Soutzis P, 2020) the process is made more cost-efficient for smaller companies when exploring fittings/machining, for a part pre-production; having a big impact on the quality outcome of product creation.Figure 12, a CAD breakdown of a 998cc cylinder head.




[bookmark: _Toc101810545]2:8 – Control Systems

The Mini was designed at a time where driver/passenger safety was not as widely considered as it is present day. As previously mentioned MOT standards in section 2:5, Minis were not initially considered vehicles within regulations of its time, and seatbelts were not a MOT necessity until 1969 where “presence of legally required seatbelts” (Premier MOT. 2016) was required. Despite the introduction of this regulation, cars manufactured before 1969 without seatbelts do not require them.

With modern safety standards being increased so drastically, upon re-introduction the Mini would need vast safety improvements including airbags and A, B, and C pillar strengthening. In comparison to the size, strength, and speed of modern cars on such busy day-to-day roads Minis are at a great safety disadvantage; this can be seen in two personal photos (figures 13 and 14 – Burnside R, 2020) of collisions with other cars in Mini on both the track and public roads.
[image: ][image: ]





Figure 13. Contact on a racetrack.
Figure 14. Contact on a public highway.

[bookmark: _Toc101810546]Current State of Automotive Industry

Although still considered fuel-efficient vehicles, with a lower-emission upgrade thanks to Rover (1997 multi-point injection) and promise in fully electric zero-emission fields from BMW-MINI the vehicle could serve as a stylish city car with impacts of road space, fewer emissions in built-up areas, the recycling of old car shells in contrast to current mass-production and wastage/resell-value, and better condition surfaces due to adaptive suspension and lightweight design. One negative the industry may face is safety. Despite many upgrades and model variations the safety aspect of Minis has never exceeded seatbelts and a driver airbag. Roof braces, impact bars, and safety upgrades on hardware such as collapsible steering columns could be discussion points for a further investigation. Reliability may also be an issue; as older cars can come with new issues alongside minimal testing of the new fully electric conversions being completed, including a loss of the cars handling characteristics being unappealing to market enthusiasts.



[bookmark: _Toc101810547]Conclusion

Despite the use of Mini’s revolutionary formula still in manufacturing techniques present-day updates would have to be made in order for it to fit seamlessly. As previously discussed, the safety criteria of a Mini does not meet modern standards enough to be sold as a safe option for drivers when faced with a collision involving either a solid object or another vehicle especially with the size and impact speed of modern SUVs and HGVs. That said, for minimal and short city driving where a cut in emissions and available road space/parking opportunities would be most beneficial an electric conversion of the classic could open a new market for recycled shells and material with a zero-emission impact conversion. In conjunction with modern town and city development expanding fast a small, low carbon-footprint re used idea could change the industry a second time.
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